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INTRODUCTION
Purpose and Potential Applications

The purpose of developing the economic model discussed herein is to have and maintain a routine
systematic method of analyzing the “relative cost” or “cost-effectiveness” of different
strategies or control measures of Veterinary Services program diseases (e.g., brucellosis and
pseudorabies). The economic model provides a means of evaluating:

(1) Benefits and costs of control programs for the foreseeable future under current program
policies and activities; and

(2) Provides methods for analyzing changes in policies and activities.
A key goal for the model is reducing turnaround time for analyses.

As stated in Lichtenberg and others, “To be useful in policy assessments, welfare methodologies
must meet certain requirements. First, they must provide estimates of the efficiency impacts of
alternative policies, measured by changes in net social surplus. Second, estimates of the
distributional effects of proposed policies must be provided. Third, they must be able to utilize data
constructed without regard to economic needs by engineers and natural scientists (e.qg.,
entomologists or agronomists). Finally, they must be capable of producing results on short notice.”

Market and equity effects of policy or activity changes can be measured with the model. The
net benefits and costs of these changes can be determined from estimates of

(1) The yield or unit cost effects of the changes on affected livestock operations,

(2) How market prices and quantities adjust to these effects,

(3) How consumers and producers are affected by the adjustments, and

(4) Government expenditures required to make the changes.

There are many potential applications for the model. The model can be used to evaluate changes
in the efficiency of surveillance systems, diagnostic tests, cleanup programs, etc. The model is
focused primarily on domestic Veterinary Services disease programs but has more general
applications, such as in regulatory impact analyses for measuring the effects of changes in
regulations governing trade in animals and animal products. The model is equally applicable to
plant pest issues.

The documentation that follows is written for an audience that includes both economists and
biological scientists who may be interested in employing the model as part of an evaluation of
regulatory programs related to plant and animal health.

Analytical Methods Applied in the Model

The economic model is an application of economic welfare analysis. Economic welfare analysis
specifically evaluates how:

(1) Market prices and quantities adjust to changes in mitigation measures as well as
changes in pest or disease spread, and

(2) Consumers and producers are affected by the adjustments in market prices and
quantities. The effects on consumers and producers are measured in terms of changes in the
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difference between what consumers are willing to pay and what they actually pay for products
(consumer surplus) and in returns to producers' fixed factors of production (producer surplus).

The economic model can use information regarding biological consequences as input in
determining the monetary impact of disease or pest spread on producers and consumers.

Software Platform

The model was designed to be implemented on a spreadsheet platform. The model operates in
most spreadsheets that have three-dimensional capability. Three-dimensional capability means that
the spreadsheet, in addition to rows and columns, has pages that may be organized into a
workbook. This spreadsheet-based model is very flexible and eliminates the need for
redevelopment as APHIS upgrades its software and hardware systems.

Partial Equilibrium Welfare Model

The model expands on a method discussed and applied in Lichtenberg and others, Ebel and
others, and Forsythe and Corso. As with any model, because it is a simplified representation
of reality, it has certain limitations. Nevertheless, it can provide useful insight for decision
making by allowing policy experiments to be conducted in a computer simulation.

The model is a multi-market, non-spatial, partial price equilibrium, welfare model. Multi-
market means that the effects of changes in closely related markets that result from a change in
any one market can be captured in the model. Non-spatial means that price and quantity effects
resulting from geographic differences in market locations are not included. Therefore, price and
quantity effects obtained from the model are assumed to be the average of effects across
geographically separated markets. Partial price equilibrium means that the model results are
based on maintaining commodity price equilibrium in a limited portion of an overall economy
(Figure 1).

Economic sectors not explicitly included in the
model are assumed to have a negligible
influence on the model results. Welfare model Price
means that consumers' willingness to pay
for commodities beyond their actual price
(a measure of utility known as consumer
surplus) and producers' revenue beyond their
variable costs (a measure of returns to fixed
investment known as producer surplus) are g
included in the model (Figure 2).

Supply

[
I
l
i
: Demand
i
1

q Quantity

Figure 1. Supply, demand and equilibrium
price and quantity.
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Figure 2. Consumer and Producer Surplus

The Market Equations
The model is based on a system of market equations including inverse domestic supply in each
of Kregions for the domestic market (1), inverse foreign supply for the domestic market
(2), inverse domestic demand for domestic products (3), inverse foreign demand for domestic

products (4), and a market clearing equation (5):

1)
)
©)
(4)
(5)
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Welfare effects are modeled over time to
capture the effects of disease spread and
control. The model disaggregates producers into
K subgroups. Exporting and importing sectors of
the market are also included. The model gives
estimates of changes in (a) equilibrium prices

(P), (b) equilibrium quantities produced by each
of the K subgroups (Qk), (c) consumer surplus

(CS), (d) producer surplus (PS) in each of

the K subgroups, and (e) the welfare effects
resulting from changes in imports and exports.
Cross commodity effects are included through
demand and supply shifters. Effects of changes in
disease status on producer's operations are

modeled using parallel shifts (a,) in producers'

marginal cost or supply functions(S*). This

approach provides reasonably  accurate
approximations of small changes for any
functional form of demand or supply functions.
Linear supply and demand functions are used for
modeling convenience.
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Solving the System for Price and Quantity Changes

The system of market equations is then totally differentiated so that it can be expressed in
terms of price and quantity changes.

oP
1.1 = Py L da,, k=1,...K
(1.1) an Q + oa,
oP oP
2.1 dP= = _dQ. + ~da
(2.1) 0. Q. a2
oP oP
3.1 dP= 2 do. + “db
31) aQ, R ob,
4.1 ap= Py —db
(4.1) 0. Q.+ .
(5.1) dQ, +...+ dQ, +dQ,_ =dQ, + dQ,

The first term in each equation (except market clearing) is multiplied by 1 in the form QP

so that the equations can be expressed in terms of price elasticities.

oP Q
1.2 dP = =k a , k=1..., K
(1.2) 20, P Qk dQ, + aak ch
(2.2) gp= P Qn P, a_Pdam
Q, P Q, oa,
aP Q
3.2 dP = —~d d
3.2) Q. PO, Qs+ abd
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P QP
(4.2) "0 PO —dQ, + Edb
(5.2) dQ, + ..+ dQ, +dQ, =dQ, + dQ,

The greek characters epsilon (&) represent supply elasticities and eta (7) represent demand

elasticities. Note that elasticities are defined as percentage change in quantity divided by percentage
change in price. For example

AQ
_%AQ_ Q _AQP QP

%AP AP AP Q P Q
P

Also, to simplify notation let a—pda =y and a—de =B
oa ob

where ¥ and B represent vertical shifts (shifts along the price axis, measured in dollars) in supply and
demand curves, respectively. Changes in costs per unit of production and changes in consumers’
willingness to pay for a unit of production can be inputted into the model via these shifters. The
use of these shifters in modeling cross-commodity effects and trade effects is discussed below.
Substituting the relationships described above into the system of equations we get

(1.3) dP = P dQ, + 7., k=1,..K
€ Q,
P
(2.3) dP = dQ, + 7,
Em Qm
P
(3.3) dP = dQ, + By
73y
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P
4.3 dP = ——dQ, +
(4.3) o Q. +8B.

ex<e

(5.3 dQ, +...+ dQ, +dQ, =dQ, + dQ,

The totally differentiated market equations are then solved for quantity changes:

(1.4) dQ, = (dP —yk)ekPQk k=1,..K

@4 4Q, = ([dP-y,)

(3.4 4Q, = (4P-p,) 2

(4.4 aQ = (@P-p,)

(5.4) dQ, +..+ dQ, +dQ_=dQ, + dO,

Solving the resulting system simultaneously gives a price change equation:

ﬁdnde +BeneQe _Z(Yk Sk Qk)_Ym Sm Qm
(6) dP = o

Tlde +neQe _Z(ek Qk)_em Qm

The price change equation (6) and the quantity change equations (1.4) through (5.4) are used to
help implement the spreadsheet model. In other words, these equations actually appear in the

spreadsheet software. The elasticities of export demand (77) and of import supply (&) for

equation (6) will be defined below.
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Modeling Cross-Commodity Effects

Cross-commodity effects are effects on the demand or supply of a commaodity that result from
price changes in commodities that are substitutes or complements (Hirshleifer). These
effects can occur on both the demand and supply sides of a market. For example, beef is a
potential substitute for pork both on the demand and supply sides. If the price of beef goes up,
consumers may demand more pork because it has become relatively cheaper, and vice-versa.
Likewise, if the price of beef goes up, some producers may shift resources away from pork
production into beef production, and vice-versa. Hamburgers and buns are a classic example of a
complementary relationship on the demand side. The strength and nature (substitute or
complement) of the relationship between the markets can be represented by cross-price
elasticities.

Demand Side

Cross-commodity effects on the demand side in the domestic market are modeled via the demand
shifter (B,). Essentially, we want to solve for the demand shift that would result from a price

change in a related market. Solving equation (3.4) for B, yields

p
My Qy

(7) By =dP - dQ,

The change in quantity demanded is obtained from the cross-price elasticity of demand and the price
change in the related market (j) as shown in (8).

dP,
(8) de = andj ?
j
Substituting (8) into (7) yields
©) By=dP——P Qu, D
a~ Qs 4 Mg Pj

Substituting the price change equation (6) into (9), setting all supply shifters and the foreign
demand shifter to zero and rearranging yields

P dP.
-———Q My 1
nde d " Udj Pj

1— T]'de
nde +neQe - Z(ek Qk)_ Cm Qm

(10) By =

The demand shift equation (10) is used to help implement the spreadsheet model.
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Modeling Derived Demand for Inputs

The spreadsheet model is capable of analyzing vertical market effects, such as changes in the
derived demand for inputs into commodity production. For example, a change in the price of
beef will affect the demand for the corn which serves as an input into beef production.
These effects are modeled by calculating a cross-price demand elasticity for inputs based on
the share of total production of the input used in the production of other modeled
commodities. This calculated elasticity is used in equation (10) as n; .

The first step in calculating this elasticity is to calculate the percentage change in the quantity of
the input demanded. This percentage change is obtained by multiplying the share of the input used
in the production of each modeled commodity by the percentage change in the equilibrium
quantity supplied of that commodity that results from the modeled policy or activity change.
Or in other words, the share is multiplied by the percentage change in quantity supplied
determined by the model. This is shown in equation (10.1).

dQ, _ &  dQ,
10.1 aQ _y, 9
(10.1) 2, ;a. 0

where Q, in this case is the quantity demanded of the input, ¢; is the share of the input used in the
production of commodity i and Q, is the quantity supplied of commodity i which uses the
input in its production process.

The second step is to divide both sides of equation (10.1) by the percentage change in the price of
the commodity directly affected by the policy or activity change. Since we are examining a change
in derived input demand due to a change in output price there is a direct relationship (a positive
elasticity) between the output price and the quantity demanded of the input. As output price rises,
the quantity supplied of the output also rises increasing the demand for inputs required to
produce the output. The result is shown in equation (10.2).

dQ, P _ P & dQ,

al
Q dP dP =  Q

(10.2)
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Supply Side

Cross-commodity effects on the supply side in the domestic market are modeled via the supply
shifters (v, ). Essentially we want to solve for the supply shift that would result from a price

change in a related market. Solving equation (1.4) fory, yields

P

1) ¥ = dP - dQ,

Sk Wk

The change in quantity supplied is obtained from the cross price elasticity of supply and the price
change in the related market ( j) as shown in (12).

dP,
(12) dQ, =Qy & —
P,
Substituting (12) into (11) yields
13) —ap-—" g P
Yk = < Q k Skj Pj

Substituting (6) into (13), setting all demand shifters and the foreign supply shifter to zero and
rearranging yields

P de
& Qx . 5 PJ

14) Y«

1— -& Q
Tlde +neQe _Z(Ek Qk)_ €m Qm

The supply shift equation (14) is used to help implement the spreadsheet model.
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Modeling Trade Effects

The spreadsheet model can be used to analyze changes in trade policy. For example, the
imposition of sanitary or phytosanitary risk mitigation measures on traded goods may increase the
price of the goods in the importing country. The effects of this imposition on market prices and
quantities, as well as on consumer and producer surplus, can be analyzed. The model contains both a
domestic country and a foreign country. Each of these countries has a Rest-of-the-World component
associated with it to account for trade diversion and displacement effects on other countries. For
example, a reduction in the costs of mitigating the risk of the domestic country's imports from the
foreign country may cause the foreign country to divert exports from lower-priced third-country
markets to the higher priced domestic country market.

The domestic country can be modeled as either an exporter or an importer. Trade effects are
modeled via the foreign demand shifter (B, ) and the foreign supply shifter (v, ).

The foreign demand shifter is used for the situation where the domestic country is an exporter.
Derivation of the foreign demand shifter is analogous to the derivation of the domestic demand
shifter shown in (10). Essentially, we want to solve for the demand shift that would result
from a price change in a foreign country. Solving equation (4.4) for B, yields

P
15 =dP-——d
(15) B o Q.

exe

We can use the excess demand elasticity of the foreign importing country or region to estimate
part of the change in domestic exports. Excess demand for a commaodity is the difference between
what is consumed or demanded in the domestic country and what is produced or supplied

(Figure 3).

The foreign country's commodity price in the following derivation is represented by P, . The
excess demand (.X,) elasticity is derived as follows.

(t6) Xy (Pr)=Qu (P )-Qu(Pr)

The excess demand equation (16) is totally differentiated.

(17) dx,= Qegp - Rigp
oP, oP,
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Both sides of (17) are multiplied by i so that it may be expressed in elasticity form.
fXd

dx, P aQ, Pr Q dP, _0Q, Pr Q dP;

18 =
(18) dP; X, oP; Q, X, dP, oP; Q, X, dP;

S

The excess demand elasticity (n, ) is thus expressed as a function of the foreign country's
demand elasticity (n, ), supply elasticity (,) , consumption(Q, ), production(Q, ) and imports

(Xq)

Qq Q
19 = _~d _ S
(19) Ny = My X, & X,
Note that
P
20) n, = Xa T
dP; X,
and
(20.1) dQ, =d X, + A4,

Where A, is a measure of the diversion of the domestic country's exports from the Rest of the World
(ROW) to the foreign country.

Equation (20.1) basically says that the change in the domestic country's exports is equal to the
change in the excess demand function of the foreign country less the amount of the domestic
country's exports diverted from the Rest of the World (ROW) to the foreign country. A4,, as
described below, will have a negative sign due to the direction of the foreign country’s price change
in this situation.
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Therefore, the domestic country's change in exports can be expressed as

dP;
(21) dQe =anx P_+"4v
f
where
dP
(21.1) A, = <_(_(1_ SDOM,ROW )*O-ROW + SDOM,ROW *MNrow )*XDOM,ROW )*(P_f}
f

Spomrow = the share of the domestic country's exports in ROW imports.

Orow = the elasticity of substitution among sources of ROW imports.

Nrow = ROW's elasticity of demand.

Xpom row = the existing trade flow from the domestic country to ROW.

See Armington (1969a) for the derivation of equation (21.1).

Substituting (21) into (15) yields

(22) B=dP——— (anxdiw}
Q P

e Xe f

Substituting the price change equation (6) into (22), setting all supply shifters and the domestic
demand shifter to zero and rearranging yields

= v dP; a
- N5+
neQe ’ Pf

(23) B. =
Q.
nde +neQe _Z(Ek Qk)_ Cm Qm

1-
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The foreign demand shift equation (23) is used to help implement the spreadsheet model. The
magnitude of the foreign demand shift is determined by the change in the commodity price in the
foreign country (P, ) expected from a trade policy change. The elasticities of export demand (n,)

and of import supply (e _) for equation (23) will be defined below.

The foreign supply shifter is used in the situation where the domestic country is modeled as an
importer. Derivation of the foreign supply shifter is analogous to the derivation of the domestic
supply shifter shown in (14). Essentially, we want to solve for the supply shift that would result
from a price change in a foreign country. Solving equation (2.4) for y,_ yields

(24) Yo =dP-—"do,
em m
L1 L1 L1

Figure 3. lllustration of excess supply and demand curves and their relationship to domestic
supply and demand.

We can use the excess supply elasticity of the exporting country or region to estimate the change in

imports. Excess supply for a commaodity is the difference between what is produced or supplied in the
domestic country and what is consumed or demanded (Figure 3).
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The excess supply elasticity is derived as follows.
(25) X, (Pr)=Qu(Ps)-Qs(Pr)

The excess supply equation (25) is totally differentiated.

(26) dx, =R gp _Qu yp.
oP, oP,
Pf

so that it may be expressed in elasticity form.

Both sides of (26) are multiplied by m

f S

dX,P, 0Q,P; QdP, 0Q,P; Q,dP;
dP, X, oP,Q, X.dP, o0P,Q, X.dP,

(27)

The excess supply elasticity (€, ) is thus expressed as a function of the foreign country's supply
elasticity (&), demand elasticity (n, ), production (Q,), consumption (Q, ), and exports (.X,).

Q Qq

28 = S _xd_
( ) ex Es XS nd XS
Note that

dXx.P
(29) €=t

dP; X,
(29.1) dQ, =dX,+ A4, + A4,

where A, is a measure of the diversion of the foreign country's exports from the Rest of the World (ROW)
to the domestic country and A, is a measure of the displacement of the domestic country's imports
from ROW by the foreign country's exports.

Equation (29.1) basically says that the change in the domestic country's imports is equal to the
change in the foreign country's excess supply function (trade creation) plus the quantity of the
foreign country's exports diverted from the Rest of the World (ROW) to the domestic country
(trade diversion) less the quantity of the domestic country's imports from ROW displaced by the
foreign country's exports (trade displacement). A, as described below, will have a positive sign

(due to the direction of the foreign country's price change) while A, will have a negative sign.
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Therefore, the domestic country’s change in imports can be expressed as

(30) 10, =X, &, TIHA A

f

where

dpP
(30.1) Av = (_(_(1_ SFOR,ROW )*GROW + SFOR,ROW *nRow )*XFOR,ROW ) *(P_f}
f

P, -P
(30.2) Ay = (SFOR,DOM *Opom + Seror.oom Ny )*XROW,DOM *( : P — J
f

and

Seorrow = the share of the foreign country's exports in ROW imports
Orow = the elasticity of substitution among sources of ROW imports.

Nrow = ROW's elasticity of demand.
Xeor row = the existing trade flow from the foreign country to ROW.

the share of the foreign country's exports in the domestic country's imports.

SFOR,DOM =
opom = the elasticity of substitution among sources of the domestic country's imports.

Xrow pom = the existing trade flow from ROW to the domestic country.

See Armington (1969a) for the derivation of equations (30.1 and 30.2).

Substituting (30) into (24) yields

P dP;
(X & t+ A+ 4)
f

EI”f'l m

(32) Y, =dP -

12/20/2006 18
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Substituting the price change equation (6) into (31), setting all demand shifters and the
domestic supply shifter to zero and rearranging yields

P
Sm Qm

dP,
Xs €x P7f+’4v+Ad

(32) Y

1— ~m Qm
nde +neQe _Z(Ek Qk)_ Cm Qm
k=1

The foreign supply shift equation (32) is used to help implement the spreadsheet model. The
magnitude of the foreign supply shift is determined by the change in the commodity price in the
foreign country (P, ) expected from a trade policy change. The elasticities of export demand

(m.) and of import supply (e, ) for equation (32) will be defined below.

The spreadsheet model contains both a domestic country model and a foreign country model, as
well as equations representing a Rest-of-the-World importing or exporting region for each country.
The foreign country model is a reproduction of the domestic country model described
above, except for slight differences in the foreign supply and demand shifters to enable the
linkages to the domestic country model. For convenience, the Rest-of-the World equations
for both the domestic and the foreign country are contained entirely in the domestic country
model and linked to the foreign country model through its foreign supply and demand shifters.

Export Demand and Import Supply Elasticities

The elasticity of export demand (r,) is derived in an analogous manner to the derivation of

the excess demand elasticity. The domestic country's exports are defined as the sum of the
excess demand functions of major importing countries or regions less the sum of the excess
supply functions of major exporting countries or regions excluding the domestic country being
considered (Bredahl and others). The elasticity of export demand is thus derived as follows
(i represents importing countries or regions and | represents exporting countries or regions):

(33) Q.(P)=> X4 (Pu(P)) |- X[ Xu (Pa(P))]
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where

(34) Xdl( |( )) le( |( )>_Q5i(Pﬁ(P)>
and

(39) XsI(PfI(P)):Qsl(PfI(P))_QdI(Pﬂ(P))

Note that the foreign price is expressed as a function of domestic price.

The export demand equation (33) is totally differentiated.

8Xd| an, r aX anI
(36) dQ, = Z{apf = } Z{épﬂ e }

1=1

so that it may be expressed in elasticity form.

Both sides of (36) are multiplied by dPP

e

(37)

d&izi Xy Py apfiiXdid_P z 0X, Pq 0Py P X dp
dP Q, =| oP; X, P P, Q, dP oP, X, OP Pﬂ Q. dP

The export demand elasticity (n,) is thus expressed as a function of the foreign countries' excess
demand elasticities (n,), excess supply elasticities (), imports (X,) exports (X,) price
transmission elasticities (e,); and the export level of the domestic country under

consideration (Q,)

(38) ne = g|:nxi €pi %}_i{exlepl )(g_zl:|
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The elasticity of import supply (€,,) is derived in an analogous manner to the derivation of the

excess supply elasticity. The domestic country's imports are defined as the sum of the
excess supply functions of major exporting countries or regions less the sum of the excess
demand functions of major importing countries or regions excluding the domestic country being
considered (Bredahl and others). (I represents exporting countries or regions and i represents
importing countries or regions):

39) 0. (P)= Z[Xsl (P, (p))]-i[Xdi (P (P))]

The import supply equation (39) is totally differentiated.

0Xy Pu 1o | | 9Xy Py
40 d -y | =4 —Tdp
(40) On z{apﬂ oP } ;{apﬁ oP

Both sides of (40) are multiplied by

so that it may be expressed in elasticity form.

m

@) 19,2 SR PXE) S TP L
P Q, =P, Xy 0P P,Q, dP| F| 0Py Xy OP Py Q. dP

The import supply elasticity (€,) is thus expressed as a function of the foreign countries'
excess supply elasticities (e,), excess demand elasticities (n,), exports (.X,) imports (X ),

S

price transmission elasticities (€,), and the import level of the domestic country under
consideration (Q,,)

. Xl o Xdi
(42) Em= ;[exlepl Q_:]i|_ = |:nxi Spi §i|
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Deriving the Surplus Equations

Consumer and producer surplus equations can be derived based on the assumption that demand
and supply functions are approximately linear near the initial equilibrium point. For small shifts,
this assumption will result in reasonably accurate estimates of consumer and producer surplus
change, regardless of the true form of the demand and supply functions. The assumption of
linearity simplifies the derivation as shown below.

Using the Linearity Assumption

From the linear equation

(43) P=x+yQ
we get

°e_, °Q_Q_1
(44) aQ ) QP YT

Solving for the slope of the linear equation (y) we get

P
45 =—
(45) Y= 0e
Substituting (45) into (43) we get
P
46 P=X+—
(46) X+Q€Q

Solving (46) for the intercept on the price axis (x) we get

—p_" o=p_P
(47) x=P-g Q=P

Equations (45) and (47) are used to help derive the consumer and producer surplus equations.

Producer Surplus

Producer surplus changes can result from either shifts in demand or shifts in supply (Figure
4). Shifts in demand might occur as a result of changes in related markets as well as changes in
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the tastes and preferences of consumers. Shifts in supply might occur as a result of a change
in disease status of a producer's operation as well as changes in related markets. The
following derivation provides equations that measure producer surplus changes that might occur
from any of these sources.

Assuming linear supply and demand functions, the area of the triangle representing the original
producer surplus (prior to any change) can be measured as the distance between the equilibrium
price line and the intercept on the price axis (x) times the equilibrium quantity times one half.

1 1 P PQ
48 PS =Z(P. —-x =Z|P -P +-2° — ‘oo
(48) 0= 5(P=%)Q, 2(0 g EJQO >

Note that after a parallel shift the new intercept can be determined from (47) using the new
equilibrium price and quantity and the slope from the original curve so that

- _ Po
(49) X, =P, Q. < Q,

Therefore, the new producer surplus can be measured as

P Y (R _PQ?
(50) PSn_Z(Pn Xn)Qn Z(Pn Pn+Q0€anQn ZEQO

Change in producer surplus can therefore be measured as

PO _ PQI _P(Q-Q)
2¢Q, 2€Q,  2eQ

(51) APS = PS, - PS, =

To express producer surplus change in terms of the original equilibrium quantity, note that

(52) Q2=(Q, +dQ)" = Q2 +2Q,dQ +dQ?
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Substituting (52) into (51) we get

_ P,(2Q,dQ+dQ?)

(53) APS 20,

Unlike the producer surplus change equation discussed in Lichtenberg and others, Ebel and
others, and Forsythe and Corso, equation (53) will measure producer surplus change for shifts
in either supply or demand or both. The equation applies to each of the K producer groups,
including those producers who are producing for foreign markets.

Consumer Surplus

Change in consumer surplus can be measured in a manner similar to produce surplus change
(Figure 5). The original consumer surplus is measured as

(54) CSOZE(XO_PO)QO:E Po_i_PO QOZ—POQO
The new consumer surplus can be measured as
2
(55) CS, =2 (.- P.)Q, ZE(F’n— L Qn—Pn]Qn =
2 2 QOT] ano

Change in consumer surplus can therefore be measured as

(56) eso PO PQI_R(QI-Q7)  R(2QdQ+dQ’)

2nQ, 2nQ, 2nQ, 2nQ,
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Figure 5. Consumer surplus changes

changes are calculated for each time period.
All welfare changes are discounted to adjust
for the time value of money.

Measuring the welfare changes for the time
frame between steady states and into perpetuity
involves a three step calculation process. First,
perpetual welfare changes are calculated using
the method described in Ebel and others. This
method measures changes into perpetuity and
assumes that the movement between steady
states occurs instantaneously with no time
period required for gradual adjustment to the
new steady state. Second, welfare changes are

calculated over the relevant time period (the time

Documentation, v3.00 DRAFT'

Modeling Shifts over Time

Following a procedure used by Miller
and others(1994) shifts in supply in a
given region that result from a change in
herd status are weighted over time by the
proportion of affected herds in that region in
a given time period. For example, if a
change in herd status from affected to non-
affected results in an average $1 per marketed
head cost savings to the producer and 50
percent of the operations in a given producer

group (k) are classified as affected in a given

time period, then for that group in that time
period the vertical supply shift (y,) will be -

$0.50. In a time period when all of the
operations in a producer group unaffected
then the vertical supply shift

will be -$1. Welfare

Figure 4. Producer surplus changes.

it takes to move to a new steady state or to

eradication) assuming an instantaneous move to
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the new steady state or, in other words, that the full supply shift occurs immediately. Unlike the
prior calculation, however, this second calculation does not extend the measurement of changes
into perpetuity.

Finally, the welfare changes are measured over the relevant time period using the weighted
supply shifts described above. The value for the welfare changes into perpetuity are then
obtained by subtracting the values obtained in the second calculation from the values
obtained in the first calculation and then added them to the results obtained using the weighted
shift.

CLOSING SUMMARY

The model described herein meets the requirements for routine policy assessments described by
Lichtenberg and others. It is capable of producing results on short notice. The results that it produces
provide information about the efficiency impacts of alternative policies, measured by changes in net
social surplus. It provides information about the distributional effects of proposed policies. And, it
uses data provided by natural scientists, including veterinarians, entomologists, and plant
pathologists that are often developed without regard to economic needs. By meeting these
requirements the model provides a useful tool for regulatory analysts to conduct routine, quick
turnaround policy assessments.
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